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Steinar Aune, Svein R. Amundsen, Jens Evjensvold and Arne Trippestad 
Department of Surgery, Haukeland University Hospital, Bergen, Norway. 
Objective." Assessment ofmortality and long-term relative survival following repair of asymptomatic abdominal ortic 
aneurysms. 
Design" Retrospective review. 
Setting: University Hospital. 
Materials: Three hundred and twenty seven patients with a median age of 68 years and male to female proportion of 
10:1. 
Chief Outcome Measures: Operative mortality and long-term ortality obtained from Norwegian Registrar's Office. 
Demographically matched expected survival calculated from death rate tables published by the Norwegian Central Bureau 
of Statistics. 
Main Results: The overall operative mortality was 5.2%. Ten-year survival rate for all the patients was 38% compared 
to the expected of 52%. The standard mortality rate was 1.30, indicating a 30% higher mortality compared to a 
demographically matched population, Older patients and patients with known cardiac disease had significantly increased 
operative mortality. These patients also had the lowest long-term survival. Patients with cardiac disease suffered a
postoperative mortality more than two times expected. 
Conclusions: Further studies are needed to define subgroups unsuitable for elective surgery. 
Key Words: Asymptomatic abdominal ortic aneurysm; Operative mortality; Relative survival. 
Introduction 
Elective operations for abdominal aortic aneurysm are 
performed to prevent rupture and death. In order to 
select appropriate patients for this procedure oper- 
ative mortality must be assessed. However, long term 
survival should also be considered when evaluating 
the benefit of this prophylactic operation. The aim of 
this study was to examine operative mortality and 
long-term relative survival for patients operated on 
for asymptomatic abdominal aortic aneurysms. 
Material and Methods 
The postoperative survival of 327 patients operated on 
for asymptomatic abdominal aortic aneurysm over a 
20 year period from 1974 to 1993 was evaluated 
retrospectively. The median age was 68 years (range 
20-85 years), and male to female proportion 10:1. In 
Please address all correspondence to: Steinar Aune, Department of 
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the first 10-year period 100 patients (92 males and 
eight females) were operated on, while 227 patients 
(199 males and 28 females) underwent operation 
during the last 10 years. Sex, age and time of operation 
were examined for influence on survival rates and on 
relative survival. Survival related to cardiac disease 
and renal impairment was also investigated. 
Information concerning time of death was 
obtained from the Norwegian Registrar's office for 
births and deaths. Demographically matched expected 
survival was calculated from death rate tables pub- 
lished by the Norwegian Central Bureau of statistics. 1 
Survival rates were then estimated using the life-table 
method and presented as Kaplan-Meier curves as 
described by Underwood et al. 2 Statistical significance 
of divergent survival between subgroups was exam- 
ined with the log-rank test. Standard mortality rate, 
indicating relative risk of mortalit~ was estimated 
from observed and expected survival data. The Man- 
tel-Haenszel's test was applied to assess statistical 
significance of deviant survival rates from the 
expected. 3 A proportional hazards test based on a 
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multiplicative model was utilised to compute statis- 
tical significance of differences in relative survival 
between subgroups. 4 Cox's proportional hazards esti- 
mation was employed to evaluate correlation between 
covariates. 5 Different age distributions were compared 
with Student's t-test and categorical data were ana- 
lysed with the X 2 test. Systat (Macintosh) was used as 
software for the statistical analyses. 
Results 
The operative mortality (<30 days) was 5% and 
remained constant over the 20-year period. For 
patients younger than 68 years operative mortality 
was 3% and for older patients 7%. This difference was 
statistically significant (p<0.05). Patients with and 
without recognised cardiac disease had significantly 
different operative moralities of 9% and 4%, respec- 
tively (p < 0.01). Renal impairment (creatinine > 130 
~mol/1) tended to increase mortality, but not sig- 
nificantly. Median postoperative observation time was 
43 months (range 1-216 months). Of the 142 deaths 
that occurred during follow-up 47% were due to 
atherosclerotic causes. 
Mean age for all the patients was 67 years, and the 
expected ten year survival rate was 52%. The observed 
was 38%, resulting in a standard mortality rate of 1.3 
(Fig. 1). This divergence in survival from the expected 
was statistically significant (p<0.01). Exclusion of 
operative mortality resulted in a standard mortality 
rate of 1.2, and long-term survival remained sig- 
nificantly lower than the expected (p < 0.05). Females 
had a mean age of 69 years, but they were not 
significantly older than males. No reduction in long- 
term survival was found among females when com- 
pared to the expected. Males had a standard mortality 
rate of 1.3, and survival in this group was significantly 
lower than the expected (p < 0.01). 
Thirty-four per cent of the patients had known 
cardiac disease prior to the aneurysm repair. These 
patients experienced a 5- and 10-year survival rate of 
47 and 24% respectively. Five year survival was 
significantly lower than the expected of 76% (p < 0.01) 
(Fig. 2), and the standard mortality rate during this 
period was 2.2. The mortality rate for patients with 
heart disease was significantly higher in the early 
postoperative y ars than it was later (p < 0.05). A break 
point is seen on the survival curve at 5 years, and from 
that point on the observed mortality rate was equal to 
that expected. Long-term survival for patients without 
recognised cardiac disease did not differ from the 
expected survival rate. Thirty-six patients had renal 
impairment (creatinine > 130). Mean age for this 
group was 64 years, and they were significantly 
younger than those with normal renal function 
(p<0.05). These patients had an observed 10-year 
survival rate of 46%. The expected rate was 60%, but 
the difference was not found to be of statistical 
significance. 
For patients younger than 68 years at the time of 
operation mean age was 61 years. These patients had 
observed and expected ten year survival rates of 54% 
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Fig. 1. Expected and observed 10-year survival for all the patients. The number at risk is indicated below the curve. 
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Fig. 2. Expected and observed 10-year survival for patients with cardiac disease. The number at risk is indicated below the curve. 
and 75%, respectively, and a standard mortality rate of 
1.9 (Fig. 3). This deviation in survival from the 
expected was statistically significant (p < 0.01). 
Patients of 68 years or older had a mean age of 73 
years, and an observed ten year survival rate of 24%. 
This was significantly lower than for the younger 
group (p < 0.01), and lower than the expected survival 
rate of 38%, as well p<0.05) (Fig. 4). Standard 
mortality rate for the older patients was 1.2 and 
relative survival was significantly lower for the 
younger than for the older group (p<0.05). The 
relationship between long-term relative mortality and 
age is illustrated in Fig. 5. Patients operated on during 
the first 10-year period were significantly younger 
than those who underwent operation later (65 years 
versus 69 years) (p < 0.01). There was, however, no 
difference in postoperative survival between the two 
time periods. Both groups showed significantly 
decreased survival with standard mortality rates of 1.4 
and 1.2 respectively. However, this increase in relative 
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Fig. 3. Expected and observed 10-year survival for patients younger than 68 years at the time of operation. The number at risk is indicated 
below the curve. 
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Fig. 4. Expected and observed 10-year survival for patients of 68 years or older at the time of operation. The number at risk is indicated 
below the curve. 
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The age distribution for these patients was not 
different from data seen in previous papers. 6-1° A 
female proportion of 10% is lower than most authors 
report,7, 8but not unique. 6" 9,11 The marked increase in 
the number of elective operations for abdominal aortic 
aneurysms is probably due to an increasing occur- 
rence, combined with improved detection rates. 12 
An operative mortality of 5% is consistent with 
former reports. 13 Despite improved techniques in 
surgery and anaesthesiology this proportion has not 
been reduced significantly over the years. Most 
operative deaths are due to cardiac disease, 6'11,14 and 
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Fig. 5. Expected and observed 10-year mortality related to age at the time of operation. 
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a more extensive use of coronary intervention, could 
reduce operative mortality further. 6" is, 16 This is par- 
ticularly important as the patients are operated on at 
more advanced age and an increasing number of 
secondary procedures are performed. In this study 
renal impairment also seemed to increase arly mor- 
tality, although not significantly due to the small 
number of patients in this group. This tendency is also 
consistent with previous reportsF" ~8 
An overall 10-year survival of 38% agrees with 
previous reports. 9'10 Mortality was found to be raised 
30% when compared to an age and sex matched 
population, and 20% after exclusion of the operative 
mortality. This demonstrates the occurrence of poten- 
tially lethal diseases other than the abdominal aortic 
aneurysm in these patients. Additional atherosclerotic 
lesions are frequent and contribute extensively to 
mortality. The small number of females in this 
material allows no conclusions concerning age dis- 
tributions or mortality patterns for this subgroup. 
Cardiac disease was recognised preoperatively in 
34% of the patients. This is lower than most authors 
report, 6'11'19'a° and possibly an underestimation. 
Hertzer et al. demonstrated angiographically normal 
coronary arteries in only 6% of patients considered for 
aneurysm repair. 2~ The incidence of cardiac disease 
depends upon the mode of investigation. Coronary 
angiography is highly sensitive. It is, however, expen- 
sive, laborious and not without risk for the patient. 
Routine use is therefore not recommended. Dipyr- 
idamole-thallium scanning appears to be a safe and 
effective method to evaluate coronary artery dis- 
ease.7, 8,15 Identifying patients with cardiac disease is 
important as their operative risk is increased and long- 
term survival markedly reduced when compared to 
the expected for this group. This finding has also been 
6 922 reported by others. ' ' However, 24% of our patients 
with cardiac disease survived more than 10 years. This 
indicates a prognosis better than for non-operative 
treatment of aneurysms exceeding 5 cm. 23-2s A change 
towards lower mortality rates was noted for the 
patients with cardiac disease five years after the 
"operation. Presumably, the patients with the most 
serious cardiac disease die first leaving a selected 
population suffering milder cardiac disease. 
Renal impairment, defined as creatinine 
> 130 ~mol/L, was only present in 36 patients. This is 
a lower proportion than stated by others. 7 Although a 
reduced total long-term survival was observed for 
these patients, the small numbers restrict further 
conclusions regarding this material. Previous reports 
have demonstrated lower long term survival for 
patients with renal impairment. 17' 18 
Two different age groups were identified by 
separation at the median age of 68 years. Both groups 
showed significantly reduced long-term survival 
when compared to the expected. The younger patients 
suffered an 85% increase in mortality from the 
expected. For the older patients the observed mortal- 
ity was two times that of the younger group, but it was 
only raised 36% above the expected. This demon- 
strates an age dependent long-term survival for these 
patients. However, younger patients meet with sig- 
nificantly reduced relative survival compared to the 
older. Different patterns in relative mortality with 
varying age have to our experience not been discussed 
previously in the literature. These observations 
emphasise the high proportion of concurrent disease 
in patients operated on for abdominal aortic 
aneurysm. 
A younger patient population was noted in the 
earliest 10-year period compared to fhe latest. This 
finding has also been stated by D'Angelo et al. 11 
Unchanged long-term survival for the two periods 
indicates improved relative survival for the more 
recent patients. This is further implied by the decline 
in standard mortality rate from the first to the second 
10-year period. Increased long term relative survival 
among patients operated on for abdominal aortic 
aneurysm has been reported previously, n Improved 
treatment of cardiac disease is a potential explanation 
for this progress. 
In conclusion, patients are operated on for 
abdominal aortic aneurysms at an advancing age. In 
spite of this, operative mortality has remained 
unchanged. Old age and cardiac disease increase 
operative mortality significantly. Overall, these 
patients uffer a 30% increased postoperative mortal- 
ity when compared to the expected. The decline in 
relative survival is largest for younger males with 
cadiac disease. In order to enhance the benefit of 
surgery for abdominal aortic aneurysm, further stud- 
ies are needed to define subgroups unsuitable for 
elective surgery. 
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